Unit carriers are used in satisfying many current materials handling needs.
Design of the trackage controls as well as tuning of the entire baggage handling system are aided by use of the model.
The results show that simulation is a highlycost-effectlve tool for this problem.
INTRODUCTION:
A unit carrier is defined as a vehicle used to transport one or more items to a certain destination. Inter-and intra-airllne luggages is also handled by the GTX system, although at Sea-Tac, deplaning luggage is sent by conventional methods to the baggage claim area.
The unit carrier in the GTX system is a 185 lb. car with a V-shaped pocket formed in the body to provide a secure holding place for almost any size and shape of passenger luggage (Fi&. I). Motive power is supplied to the car by means of a friction drive mechanism built into the track. A probe on the carrier allows it to switch from one track to another upon command. The detailed physical characteristics of the hardware of the carrier system for the Sea-Tac Airport are described in (4 
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These two criteria, in turn, imply other constraints on the operation of the system. For example, the ability to handle a certain peak number of bags per minute from a certain facility implies that there must always be an adequate supply of available carriers at that facility.
The maximum travel times from point to point imply that the traffic densities at peak conditions must not be so large as to prevent the merging of traffic at critical points in the net- More than the conventional static design tools are required to intelligently design for this kind of system loading. The usual continuous modeling techniques used in many engineering control system design applications do not allow for probabilistic inputs. Queueing models allow for certain kinds of random elements in the system but become unmanageable for large systems. In addition, the queueing theory assumptions often become unrealistic and confining for such problems~ and formulation of q u e u e i n g model s e g m e n t s r e q u i r e d a t a which a r e n o t always r e a d i l y a v a i l a b l e .
Use of a n a l y t i c models r e q u i r e s t h a t t h e problem be d i v i d e d i n t o s m a l l components which
can be d e a l t w i t h and f o r which c l e a r r e l a t i o ns h i p s among d e s i g n v a r i a b l e s can be d e f i n e d .
A n a l y s i s r e l y i n g e n t i r e l y on t h e s e s m a l l u n i t s may lead to a system in which each component is 
t each s t a g e o f t h e p r o c e s s , and t h e manager can v e r i f y t h a t t h e computer model d o e s r e p r e s e n t t h e p r o c e s s b e i n g m o d e l e d . The model can be coded i n as much d e t a i l as i s n e c e s s a r y to r e f l e c t t h e r e a l s y s t e m , w i t hout w o r r y i n g about f i t t i n g t h e c o n s t r a i n t s o f a p a r t i c u l a r t h e o r e t i c a l model. The s i m u l a t i o n a p p r o a c h a l l o w s e x a m i n a t i o n o f t h e e f f e c t s o f many
d i f f e r e n t and u n u s u a l l o a d i n g s . C o n t r o l p a r a m e t e r s and a l t e r n a t i v e c o n f i g u r a t i o n s a r e r e a d i l y c h a n g e d . With d i s c r e t e c a r r i e r s f l o w i n g t h r o u g h a n e t w o r k of t r a c k s , t h i s s y s t e m was a good a p p l i c a t i o n f o r GPSS, which i s oriented toward flow type systems.
System d e s i g n t h e n becomes an i t e r a t i v e p r o c e s s w i t h t h e model b u i l d e r s e a r c h i n g f o r t h e b e s t s o l u t i o n i n terms o f h i s e v o l v i n g u n d e r s t a n d i n g o f t h e p r o -
For this baggage handling system, the system geometry was fixed ( The number of cars in each section was monitored, as was the rate of flow of traffic at critical points, the availability of empty carriers, and the cross-traffic from one section to the other.
The system was examined during system startup in the morning, peak operating levels during the day, and as the system activity decreased later in The results of the simulation are no more accurate than the inputs to the simulation. Therefore data must be gathered or generated with great care. In the case of the Sea-Tac simulation, a complete engineering study was conducted prior to the simulation (7). Baggage input spectrums were derived from that report and from the customer specifications. When areas were detected where rates were exceeding equipment capabilities, merge suppression was modeled. By adding this detail only at key points, however, significant costs were avoided without Jeopardizing the project results.
MACRO SUBROUTINE EXAMPLES -Exploiting program modularity through the use of GPSS MACROS, or s u b r o u t i n e s , f u r t h e r r e d u c e d c o d i n g and d eb u g g i n g t i m e and e x p e n s e . Macros u s e d i n t h e s y s t e m s i m u l a t i o n were d e s i g n e d to s t a n d a r d i z e and document t h e m o d e l i n g o f s i m i l a r p h y s i c a l s i t u a t i o n s , and p r o v i d e t h e b a s i c framework a r o u n d w h l c h t h e r e s t o f t h e s y s t e m model was b u i l t .
The proposed system of releasing empty cars from storage banks was modeled in a macro;
eventually several different macros were used to represent the different methods of ordering cars.
Macros were also programmed for each kind of station, carrier storage queue, and other facilities which occurred at several points in the network, as well as for various initiation routines. These macros were then called at the appropriate point in the program. A discussion of one of these macros follows, to illustrate this capability.
The Load Macro ( 
OUTPUTS IN RELATION TO GTX SYSTEM DESIGN -
The philosophy of adding details only where required was followed in specifying simulation output. Initially the only output was the standard GPSS statistics. Once the model had been debugged and verified, it furnished a broad overview of the overall performance of the system. In addition, it provided the ability to examine in any desired depth of detail the areas of special concern.
As key problem areas in the system became apparent, addltonal tables were added.
Problem areas common to unit carrier instal- Baggage waiting queues formed at loading stations when the system response was such that an insufficient number of empty cars was available to handle the rate of baggage arrivals. Figure   7 shows the amount of excess baggage that was not removed from certain stations under the baggage input conditions given in Figure 5 .
However, as the system responded and sent the necessary empty cars to those stations, the baggage waiting queues decreased. Important variables shown are the amounts of baggage in the queues and the time it takes for the queues to be relieved.
For a better understanding of why the system handled or did not handle baggage in various areas, it was necessary to study the availability and movement of the empty carriers.
Several types of output contributed to this analysis, the most important being the tabulated conditions of empty carrier storages (Fig. 8) .
Shown in the figure is the activity of each empty car storage area in the system, including a number designating each storage and the empty car capacity for that storage, current contents of empty cars, and the rate of cars entering the storage at this particular point in time. 
A s e c o n d m e a s u r e o f e m p t y c a r a v a i l a b i l i t y c a n b e u s e d . O t h e r t a b l e s e x i s t w h i c h show t h e n u m b e r o f c a r r i e r s i n l i n e a t t h e e x i t o f t h e s t o r a g e a r e a .
But a g a i n , a low l e v e l i s n o t n e c e s s a r i l y s i g n i f i c a n t . I f a c a r r i e r a l w a y s a r r i v e s j u s t when r e q u i r e d , i t w i l l n e v e r s t a y i n t h e s t o r a g e , After the first run with one set of logic, it was noted that there was abnormally heavy traffic in the lines in this loop. A review of the logic for switches SWB02 and SWB05 revealed an inconsistency which was preventing cars from leaving the .loop. After this was corrected, traffic was reduced to a reasonable level.
In addition, tables were specified to record the origin and destination of all carriers passing certain points. Flg. i0 gives the orlgln table ORBII  for llne LNBII and the   destination table DEBI2 for LNBI2. Table ORB11 shows the origins of cars passing on LNBII during a given time; the column Upper Limit indicates car origin station. Similarly, Table DEBI2 With this simulation tool available, it will be comparatively easy in the future to model similar systems with relatively small changes to the design approach.
From an engineering standpoint, the major result was a good final design. On a more specific level, it became clear that the symptoms by which the system's performance would be measured were all part of empty carrier managem e n t . This area could besystematlcally analyzed and workable solutions developed.
In designing the GTX system for empty car management, then, it became evident that: In some c a s e s t h e r e i s n o t one b e s t l o g i c .
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